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CONDUCTIsVE COVPGSI TI ONS AND METHODS FCOR PRODUCI NG Skgﬁq F,I oLp! FHES -
INVENTICNSE@A% sent invention relates to el ectri%al y,,@_,g Lye
conposites S a mxture of two thernoplastic conpounds ngggc 2001
different polarity wwth fibers and /or mmneral filler and carbdh K and
to methods for PECRCTRICALLYCOMSEEREINE COMPOSIIHONSAND ectrical |y

conductive pol ynmer based conpositions are used in many industrial

applications. such as foMETHODS FOREFRODUCGINGSAME ge from pl astic
parts and plastic boxes for shielding electronic conponents from
el ectromagnetic interference (EM). 15 Exanples for electrostatic discharge

(ESD) applications are el ectraqui ?ﬁﬁ; gﬁ roominstallations,
storage trays, water carriers. DBBE Equ¥E 6?‘onst ructi on conponents
for expl ogsi on-proof environments. Conpounds tailored for dissipating static

el ectricity have a typical surface resjst.i V‘Q’E}%& f 10" to 1013 ohnl square
and conpounds - spBe PrEseat mygatpp;relats g glectgeal g‘fﬂ“i"%&?’?‘mﬂ’eﬁ ar By

exhi bit vol U Bl D o Mtefriopistid Qompouhs haViAR Gifferehl SO Withk THBYR ahd /drhe art
pol ynmer based conpounds having appropriate resistivity for both static

el ectricity oinesl fHeiand caben tiagk and toapetheds formeducingsamef  conpounds known i n
the an is based on pol ypropyl ene (PP) or polyethylene (PE) with high
carbon loading levels up to 40 to 60'/0 by weight charw erized by surface
resistivigy 25 of about 10BACKGREOUNBQRTHE IRVWENEION cations requiring EM
shi el ding, weight loading levels of 30 to 50 % PAN carbon fibers, 40 "%

al um num f | akes, 15 % ni ckel -coated carbon fibers or 5 to 10 % stai nl ess

steel fibers havegjeafiéaliveosiuteve podving dasedcdonfpdsitidns are used in many industrial
applications. such as for dissipating electrostatic charge from plastic parts and plastic
_ boxes for shielding electronic components from electromagnetic interference (EMI).
15  Examples for electrostatic discharge (ESD) applications are electronic packaging, clean
room installations, storage trays, water carriers. chip camiers and construction
components for explosion-proof environments. |

Compounds tailored for dissipating static electricity have a typical surface

resistivity of 10° to 10° chm/square and compounds ‘specified for EMI shielding
20 applications typically exhibit volume resistivity of 107 to 107 chm-cm.

There are known in the an polymer based compounds having appropriate
resistivity for both sttic electricity dissipation and EMI shielding. One class of
compounds known in the art is based on polypropylene (PP) or polyethylene (PE) with
high carbon loading levels up to 40 to 60% by weight characterized by surface resistivity

25 of about 10° - 10° ohm/square. For applications requiring EMI shielding, weight loading
levels of 30 to 50 % PAN carbon fibers, 40 % aluminum flakes, 15 % nickeél-coated
carbon fibers or 5 to 10 % stainless steel fibers have been used for the same class of
polymers.

The method currently used to increase the electrical conductivity of polymers is to

30 fill them with specific conductive additives, such as metallic powders, metallic fibers,
carbon black, carbon fibers and recently by intrinsically conductive polymeric powders.
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pol ynmers. The nethod currently used to increase the electrical conductivity

of polymers is to 3o fill themw th specific conductive additives, such as
metallic pomg% tallic fibers, carbon black, carbon bihgi
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critical voI une ercolation threshold). This threshold is due to
t he fornati cn bulatoctaudnctdn tansivion \asewring ajpa raritical ewwhie  faction dpeveplation oughout

Patent No. dnatpiy it i Qe @ Briakficl s iinitt biond & partls ©
t her noplgst leb‘(tcnlﬂlhgﬂ’gb\@dt\oﬁlalimatdspeuhw wtoltl\gneo?uglb\mag aemrlmeabw_num Iﬂgd:é :
copol yer 15 - a0 Bateas Nor £ I e semridien ssSistf cbuglte sSigk e o 1 -
10 parts of W%mb&id&%&lmg@&%bh caaé:ﬂ,cmedoufldfoaﬁmcaamag fdrleashsi00r a

m xture 15 of carbon fibers and glass fibers 004, 561

descri bes arpsuthef palypiepylene-sibylspgropalymer 15238 pans fcarbpnbipgky 0.23 'B’n’oﬂi’&qfve
conposi tion hi E“&qug eleray ¥-1c g&maﬁ&ﬁmﬂb@,gbyghm"gor each
100 parts of%‘#elp%pllg tlcfr gigl n sef“%aggh?comt e group of polyolefin,
pOI yst yrigsne ofiedrbon fibers and glass fibers.
US Patent No. 5,004,561 describes another single thermoplastic based electrically
conductive composition with a high carbon content, the composition including for each

100 parts of thermoplastic resin selected from the group of polyolefin, polystyrene and

acrylonitrite/styrene/butadiene (ABS) copolymer resin, polybutylenc terephthalate (PBT)
20 resin. polyphenylene ether and polyamide (PA) resin, 30 - 300 parts of electrically

conductive glass fibers, S - 40 parts of carbon black and 5 - 40 parts of graphite.

Russian Patent No. SU 1,643,568 describes a high carbon based electrical
conductive thermoplastic composition in which electrical conductivity is achieved from
the dispersion of carbon in the matrix. The composition includes 20-35 weight percent.

25  polypropylene, 10-20 weight percent polyamide, 20-30 weight percent carbon black,
. 10-20 wexght percent graphite and 15-20 percent glass fibers.

There are generally two methods for producing electncally conducuve
thermoplastic articles known in the art. In the slow production rate compression molding
method fess filler (e.g. carbon black) is required to achieve a desired conductivity,

30 however the mechanical properties of the composition are usually deficient. In the fast a .
production rate injection molding method better mechanical properties are achieved and



acrylonrtrite/ styrene/ but adi ene (ABS) copol yner resin, polybutyl ene
terephthalate (PBT) 20 resin. polyphenylene ether and pol yam de (PA) resin,
30 # 300 pagdsed l ectrically conductive glass fibers, ermideobsts. of
car bon bl ack and - 40 parts of graphite. Russian Patent No. SU 1, 643, 568

describes a high carbon based electrlcal caonducti ve the ast
conposi tion havmgcomplex geometsy PFW"F; ﬂ{‘F’P&H’F h&'

di spersi on ORE dBR fmapwaoab rofi déchrtdp caudve Wi ght
per cent. q';[,%Iypropy ene, 10- Z%kgéight percentﬁgglyanlde 20- 30 mglght

per cent car mmmm@ksmmwmgmm@wwmte and 15-20 percent

gl ass fibers. The Eaﬁ%ﬂﬂgf caIIy
conductive therréﬁ?ai‘étcih%ﬂ ti cI eé’ Eﬁo Mf@ﬁ% tﬁ’g ge{cow producti on
rate conpr eshssq:aumohmﬁ EMI shmdmg)cbphmns‘ is lheéngb(pemgltagmf bondutsive aiditives
required to achieve sired conducti vit r the ni ca
properties dFmPﬁﬁ%% 35 Hugpgo ?F§%8¥$F§&g gﬁé@ﬁ en
production r qucanmeaﬁhemrwopemhash h&ih@h%&hﬁiﬂﬁhﬂﬁbﬁ@ﬂ%ﬁbes are
achi eved an 2 WO 0WI6815 Pcrnworo0075 articles having conpl ex geonetry
can be produdsershinparticularfopclean roem appligations.ve filler required i s high. One
deficiency of conpression nolding of electrically conductive conpounds is
that the relatively slow processing is expensive. A nmgjor disadvantage of
prior art polyner based conmpounds for electrostatic 5 dissipation and EM
shi el ding applications is the high percentage of conductive additives
required to formthe conductive pol ynmer conpounds resulting in high cost
and deficient processability and nechani cal properties and al so high
carbon contam nation which is adverse in particular for clean room
applications. 3 WO 00/46815 Pcr 0007s SUVMMARY OF THE MENTI ON The present

i nvention provides an inproved thernoplastic electrically conductive



conposition. 5 According to an aspect of the present invention, the
electrigcally conductive: conposition includes a first thernoplastic

conponent forrgﬂ)a&A continuous matrix and a -~ second the&iRidosss C

conponent haP polarity larger than the polarity of the matrix. THe

conposition al so includes fibers bhei n% encapsul ated in-situ by the second
t her nopl asti ¢ conmponent and SUBMMARY 9. MRENH% the matrix and al so a

carbon t o black conponent which is preferentially attracted to the second
conponent due to its higher polarity. The in-situ formation of an

encapsul at ed . net \ihelpresént givention grayides emimpinved khermeplastio eleetrically| cordictiens  of
particles provideg an el ectrically conductive conposition. According to a
further aspe he present invention, the ratio between the conductiye
carbon fisl | er andadcbsingewoddaspenrfnte tprésentsimbéntion,c thel gledutiglly condubtite a | S
substanti al part of Enche carbon filler. is |ocated.at the interface l%et ween.

the second ERRSEHEMICHE % FRISSIE EOTRPOBHHL B, a GPOLoys dufrix and -

conduct i Vi t YsechiRMBérnBAlhRie Sompdnent R4 Gihgh polakt9 tthaf the polavity GAhe afawrixs at
| east an order of magnitude smaller than in the prior art electrically
conduct i ve cEempeempesdion alshinclydes ¢ fies tbﬁ'égc@?ﬂ!ﬁﬂﬁdo#‘ss‘@f by hibe pyegrndnt

I nvention ad %@tﬁll%d MPIHF PhdrRO® Witthh it R/

applicati onsé.ﬁgl%&)ozi not elﬁgﬁjﬁgﬁcﬁ 0 he present | lril!l\q/gent i onﬁ?%g‘oﬁmﬂi Ze a

f ast promessblack compooeht fhich ip prefiwentially attractedhtor the second icompbnent duectal itsy

conductive c osi ti.ons.of. the -presen | nvent i |&ct-l on.. nol di ng i1 s

used for pro rﬂﬁE‘F eslg'Fé%'%lF“ gg??@""c%fnﬁhc %M&r%@ﬁ- a%ct‘f%ngcg%gsi tions

of the recenblaik)itgiéfertaddocations of petiche provides hvslectricaliy codduatite compaitidal r at i ons

and i nproving the mechani ca roperties of the.conposition. 25 Thgl}H
?’t‘?‘Bﬁ’tG es a

el ectrically conddRePidg © the present, inveptiqny, the, g betwren

mat ri x i ncl ydidhdive Wasbba Miiedlahdy the sédoid cbRBEA¥RD i SufficicRBMRYRCSY thafl aSecond
t hermopl astic conponent having a higher polarity than that of the first

t her nopl kst | pathtof thh garbane Sleraisclopfitsh e theetnteatyss POdal ity of
252 L2 b8l pom Ll sty et 012
to make the cwcentationaof cathontis atclsdst gn orlaviof magnstude smelier thant injthe prins art
electrically conductive compositions, thus making the compositions of the present
invention advantageous in many applications including clean room applications.
20 Another object of the present hxvenﬁonistouﬁlizeafastproeesing method for

producing the thermoplastic electrically conductive compositions of the present
invention. Injection molding is used for. producing the electrically conductive
thermoplastic compositions of the recent inventions while using very low carbon black
concentrations and improving the mechanical properties of the composition.

25 The electrically conductive composition of the present invention includes a matrix

 including substantally a first thermoplastic componeat, 8 second  thermoplastic

component having a higher polarity than that of the first thamoplastié componait, the
second component encapsulating a plurality of fibers forming a network of encapsulated
fibers within the matrix, and a carbon component preferentially attracted to the second

30 component so as to make the network an electrically c'onducﬁve network within the T
matrix.



matrix. 4 WO 00/46815 PCT/iLO0OVO0075 In one enbodi ment of the present
I nvention, the first thernoplastic conponent is a polyolefin conpound with

or without ?ﬂ)&faﬁg el ast oner conponent. The pol yol efin i pcracieslsd from
t he group of "pol ypropyl ene which may be a honopol yner. or a copol yner and

pol yet hyl ene. The,_secon onponent i s polyamgde.or .EVOH Ln a preferred 5
enbodi nent, the g&%@%ﬂ%ﬂ?ﬁ&m ﬁatﬁegﬁimbﬁ%ﬁ'mﬁ

pol yanmi'de or a péiyéiefin dothpotid With orowitiodi dituided eldsmicAcdmponenn.Orhe polyokfin is
acrylonitrite ut adi ene/ styrene anngt he. secqnd conB&nent IS E@l am de, or
BV I yet Slastrfiom B geup o6 Relypropyieas Which may he 3 OMOPFLEmE A acoRelictom

pol ystyrene, o¥ ghiye TTRE LseddBY YD mpbRAE isepslyamiie/ P BVOIENERXh (féferred

pol ystyrene and t_%e second conponent is ol yam de or.  EVOR I n anot her
enbodi nerft t embddiment, the comppsition: 1neluéqsripsgr£m¥0 Perys pe bysripd (rolyamide or

t et r apht hal aﬁgonc_)ol yycar bonate or pol ycarbonate acrylonitrile butadi ene

styrene. I n yet another enbodi nent the second thernopl asti c conponent may
be 15 acryl oni t rinlasotherembodimentsthy fissheompdtient fsiatsylonitite/ bubtadicoe/stgresé andons  of

t he present jnvention may be gl ass fi . In a preferred enbodi nent, the
conposi tion F‘ﬁmﬁé\?’?ﬁ? LIS °p‘§|$@}f)er hundred glass fibers. The
second conponent HB¥ adbthér eRitodinied, e dirst bdohpdhel @ delebled FomPdlbryrebe, Kigher al 20
filler, organic fibers, such as polyanide fibers, or a mxture of filler

and gl as¥ f i ianest polystyrens 28d polyshaaylrRsidg rpolysiareas apd dierseennd cgmpensat isnvent i on

of the presemlﬁmﬁay&rg\}m may be carbon bl ack. Alternatively, or in i
conbi nati on, the carbon conponent nmay be carbon fibers. In a preferred !

enbodi nent, the clorapetbertembodiment thy disst theguoplastiecorapongnty may pe:polybitdened car bon
bl ack. 1'n anglheh e hafyeiboRP e HoljeRbonat: Ay oRMRL BlthdiGie styrene.

In yet another embodiment the second thermoplastic component may be
15  acrylonitrile butadiene styrene. .

The fibers of the compositions of the present invention may be glass fibers. In a
preferred embodiment, the composition includes less than 55 parts per hundred glass
fibers.

The second component may also encapsulate filler particles, such as mineral

20 filler, organic fibers, such as polyamide fibers, or a mixture of filler and glass fibers.

The carbon component of the compositions of the invention of the present
invention may be carbon black. Altematively, or in combination, the carbon component
may be carbon fibers. In a preferred embodiment, the composition includes less than 10
parts per bundred carbon black. In another preferred embodiment, the composition

25  includes less than 30 parts per hundred carbon fibers.
_ In a preferred embodiment, the composition has onc or more of a volume
resistivity from about 0.1 to about 10° ohm-cm, a flexural modulus of up to about 11,000
MPa, and a tensile strength of up to 60 MPa.



25 includes less than 30 parts per hundred carbon fibers. In. a preferred
enbodi nent, the conposition has one or nore of a volune resistivity from
about 0.1 to ﬁ@ 109 ohmcm a flexural nodulus of up tf-yhieseersl 000
MPa, and a Yo strength of up to 60 MPa. 5 WD 00146815 PCl Yl a. 00/ 00075
BRI EF DESCRI PTI ON OF TAE DRAW NGS The present inventi-on -wi || be understood
and appreci at ed nore f ulBRIEFDRESGRIRTION OF THFSDRAWINGS) description taken
in conjunction with the appended drawings in which: 5 Fig. 1is a
schematic illustration of the norphol ogy of the electrically conductive

t her nopl asti ¢ coffpopiesant invertion twill berunderstood and: apriresiatedinges. fulby\frol the e non

limting ex | ar m cragr aphs. (at. di.fferent i 1 i-on of freeze
fractured s&%ﬁr%ﬂgd%ﬁ%ﬂwgg%ﬁ? m%%'f”é‘l% o%%(%i%%o%ﬁﬁém[%gént o~
inventio®; 10 Fi §ig Bis ésschensatib dlBiration of delmatplkgogyrof itlel elevtrically endwtive et hod
for producing the electrjcally conducgtive thernoplastic conpositions of |
the present &W@ﬂ%ﬁ“&?ﬂmﬂqﬂ@g‘.’sq e prosept VENh e et i ¢ bl ock di agr am -
illustrations of pfQQUbARIE GFeNAbA ViEinitiRg Séx@mpRE, SHM OtlRrdghiphd (@i difeRGt t he

el ectrically conductive thernoplastiCc conpositions of the present
i nvent i on wimsagsifications) 98 freese frortured surfeces af Borinieeingupided compositionepighe 5A - 5C
met hods for ARl el o0 (ot 1 cal Iy conducti ve thermoptastic o
conposi tivons  of Fighd ipa schematic bloeln tiagnmvillestation iz method dor prodeingritie i s both
carbon bl ack, and LA oRive thabplastic compositions Ot the pronavention: /A0 007S
Figs. 4A - 4D are schematic block diagram illustrations of four alternative
preferred methods for producing the electrically conductive thermoplastic compositions -
of the present invention wherein carbon black is the carbon compound; and
15 'Figs. SA - 5C are schematic block diagram illustrations of three alternative
preferred methods for producing the electrically conductive thermoplastic compositions
of the present im'/emion wherein the carbon compound is both carbon black and carbon

fibers.



DETAI LED DESCRI PTI ON OR THE | NVENTI ON Reference is now nmade to Fig. 1.
Figure 1 is a schematic illustration of the electrically conductive

mul t'i - conpo, w?r nopl astic conpositions of the present pchulopwgfs i on. The
el ectrically conductive multi-conponent thernoplastic conposition,

general ly referenced 10 includes a matrix 12 for tantially of a
first thernoplastic cB MQW&MFMM rs, carbon fibers

or organic fibers) and/or mneral filler 14 encapsulated with a second
t her nopl astic conmpound 16 having therein and i o thereon carbon black shown

in the SEM ni cr odiefystnce df now grade 0\ Fig 1. Adgure 1uister sphemationillustaion of thei per s
and/ or m ner nﬁﬁﬂf onBSHN t{(UﬂP' l.%ngpound
16:with car b%%%%%?ﬁ?@o %F%gg’é\(l)\{rqg& ?I ve %%'%‘a‘gﬁ Wld?f][lil first

t her nopl 3st i mventiompound nmatrix 12. In the preferred enbodi nents, the first
t her nopl asti ¢ conpone a based ic uti 1§ zi.n

pol yol efin, poly PF@ ﬁi‘@) £"‘§’\é{;€ﬁ o'm‘ TOmPpOoRepl, ¢ g%f’ﬁ??@ t YTPaRpE lo'gABS)
terpol ymer, gabsifire s&@&ﬂ me.hanheshaﬁaﬁelimsmahmybmamh@@wo ABS,

hi gh i npact pol ystﬁrene (HHPS), wth or without an ’S‘EFFS threr
conponent aneempaund, bers fRich #glas fibems casban fibsesr Aragnic

Pol yet hyl enegd ny! enfips@Red with\d¥eond ftitRhyERtic cOpo myl@im: b.sexaae&das the

second t hernopl astic conponent. 20 The fibers ma?l/._ gl ass f| bers, carbon

fibers o orememccatiopdiack shayohinctbe SEM, midrograrhis iof ZMZEeAamumddem may

Cai e or m carieca oSt AR pflcd el 1F KBS Wi i BliERpBR SRk o' '

subst anti al | 16 witloesbonrigadk hizereomifoomradcondudtive nitwork witthin ttiee frstrtermoplastior ovi ng
t he sane physi cal d ro f\%tles of glass fiber reinforced polyners (see
Tabl es 3C an@®™PB)" 'g?“g ferably, the el astoner conponent.is a conbi nation

of el astomers. Th@wﬁefdmaﬁsodnh&ms Qhﬁﬁisﬁﬂﬁim@ﬂiﬂi@%ﬁboﬂeﬁl is hepatyangound
changes the conposition's_ nmechanical  properties wt hOi_é n| f | cantly

affecting it comppreat ptilizineppbyoiefing polysyreredPE) cacqmity IERRi de, ABS

or EVOH 16 tQgs) Botyrte? JoBbutfichetefiphthhlbde RPBT), polycarbonate (PC), PCIABS high
impact polystyrene (HIPS), with or without an added elastomer component and the

second thermoplastic component is polyamide (PA) Polyethylene Vinyl Alcohol (EVOH)
copolymer. ABS may also be used as the second thermoplastic component.

20  The fibers may be glass fibers, carbon fibers or organic fibers, such as polyamide fibers.
Mineral filler may also be used in composition 10. The mineral filler, such as
wollastonite, talc or mica, can substitute a part or all the glass fibers, thereby substantially
lowering the compound cost, while maintaining or improving the same physical
properties of glass fiber reinforced polymers (see Tables 3C and 3D).

25 Preferably, the elastomer component is a combination of elastomers. The addition of
the elastomer component to the compound changes the composition’s mechanical
propesties without significantly affecting its electrical conductivity. '

Since the affinity of polyamide, ABS or EVOH 16 to fibers and/or mineral filler
14 is much stronger than to any of the first thermoplastic components, during the melt

30  blending of composition 10 (as described in detail with reference to Fig. 3 hereinbelow),

the second thermoplastic component preferentially encapsulates, in situ, fibers and/or



14 is much stronger than to any of the first thernoplastic conponents,
during the nelt 30 blending of conposition 10 (as described in detail

-wi th refer qergabsisFi 9. 3 hereinbelow), the second ther nopCraLo000a®ponent
preferentially encapsulates, in situ, fibers and/or 7 WD 00/46615
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t her nopl asti c conponent. . particul ar_feature of the present invention is

that conposi teneapsilated m aﬂﬁgh“: 2D i5\ReYEM anicregranhaficasapsulatedrpingral filler ac k
th th q Tehed
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cles torm
conti nuous pdialsmatpsmmlphmgp camponent @nd glassfibest eveapsulated by acsocmhdt ABS braselt ast i ¢
conponent,_20 hasel t mpt rix (fast level of percolation). Mreover,
the embedded PEPP °3P’8§?1 bl ack particles is located within the second
t her nopl'asti c 16 (ﬁspaﬁaxh:lfan&éohhemunﬁmhothtdmhm 10iaclbdes pnich on  of
the conducti vewgratof!}cvevaﬁxwom o[’ fxlnl glgc‘i(etgm th pnor art for similar levels of electrical

conductivities. This is since the electrically conductive carbon black particles form

"}

. continuous pathways along the interfaces between the second thermoplastic component
20  phase and the matrix (first level of percolation). Moreover, the embedded part of carbon
black particles is located within the second thermoplastic 16 (second level of
percolation), thereby the foxmation of the conductive pathways is facilitated. This is
further facilitated by the network formed of second thermoplastic component
encapsulated fibers and/or mineral filler (third level of percolation). This morphology,
2s  developed during the melt blending process, forms due to the strong affinity of the second
thcrmoplasuc component to the fibers or filler and of the preferential aﬂimty of carbon
black to the second thermoplastic component. '

Reference is now made to Figs. 3 through 5C which illustrate preferred methods
for producing the electrically conductive thermoplastic compositions of the present

30 invention Fig. 3 illustrates the method in general and Fiés. 4A - 4D and Fig 5A - 5C PN
illustrate, respectively, altematives of the method for two non limiting exemplary



further facilitated by the network formed of second thernopl astic conponent
encapsul ated fibers and/or mneral filler (third | evel of percolation).

Thi 8 nor phql o 5 devel oped during the nelt blending prgsatsmedrs’ " due
to the strmgéw nity of the second thernoplastic conponent to the fibers
or filler and of the preferential affinity of carbon black to the second

t her nopl ast | eomposodent . Reference is now nade to Figs. 3 through 5C which

1 lustrate pref erfgduiRldiadss {1&&&&%&&&9@%&%&?1&@@%%@@&% tive

t her nopl astic conpositions o e present 30 I nvention. ustrates

the net hod i thegepsoftompoundisiggs, the step ofilletivingr34gnd the step©f rjaction molding
respectively | ternatives of .th od- for tw (| |lary 8
WO_00/ 46815 %‘?:%‘ fﬁbﬁ?‘wgmg%%nr?ﬁ%ﬁ %‘Q n‘gsjf. ”‘Fﬁ%“"#g‘ﬁ%g"%%?ﬂge%?f Fa&st rated
in a ting seplediifgof podyprdpyiene Withseddhd tefngpldstd cognpohént irklicaed by freferemgeoundi ng
32, the step of pelletizing 34 and,the step of .injection nol.di 6. In
one preferrg&%&difﬁwpgé“%w&%f“eﬁmgwmt‘Hﬁrﬁﬁsidﬁﬁﬁﬁd&“fﬂg’yﬁeps of
dry 5 bl endi g sahseQ@iny REIPRiRWith\bartion FbeR tdrbbh BlaliPét bath! Min&ralTbers iy _

i ndi cated by reference nuneral 31 followed by nelting and nmelt mxing with

the fibers fbe pddedaas stepyiptat3doordp- s theappn limiing qramplesrdsseribed belay, et h
3153 o s@mERBERE s B oBhal th o MiBRHE folipblapel By caRRs. &' Steps
conpoundiing pbesssifg teimperatred it the tange o£200WA85 Cx(cormapanding tn thel eltigBpoint o f :
Coorr espondi it PR SRR T ERM P83 ds o B Balog pefias o sorew
speed of 55 pelietizeli(step 84)aridi then injrepaimdkied: (seep 363 lat 200-285TC s acfett@niRldand t hen
machi ne. equi PREHTOTnE FHGR CARRPR) Wifc? A0 P SEPRT) TeRBEer | al
(ASTM ol d {4afmal (AS TR mold dansile Bk, flRabraFvafiaddBlling @hrtdmpdct disg)act disc). is
Figs. 4A - 4D illustrate four preferred alternatives of the nmethod for
produci n§ conposFigs- ¢ 14D iinsirate four ipeefersdisbiemativenof the methed forpedising| ack as
the carbon conmouRtn 10 whereas the composition includes carbon black as the carbon compound.
Figs. 4A - 4D are illustrated for the non limiting example of a composition 10 comprising
100 parts by weight polypropylene, 12 parts by weight polyamide, 30 parts by weight
glass fibers, and 2 parts by weight carbon black.
20 In the embodiment illustrated in Fig. 4A,- carbon black concentrate or carbon
" black particles, is added in the injection molding stage as indicated by reference numeral
' 37 rather than in the compounding step 32 resulting in a resistivity of 537 Ohm-cm and
flexural modulus of 4819 + 161 MPa.
Fig. 4B illustrates the alternative wherein the carbon black concentrate is dry
25 blendt;d with the polypropylene and polyamide resulting in a resistivity of 432 Ohm-cm
and flexural modulus of 4649 + 32 MPa. Fig. 4C illustrates the altemative whercin the
carbon black concentrate is added during compounding resulting in a resistivity of 214
Ohm-cm and flexural modulus of 4491 & 51 MPa.
In the embodiment of Fig. 4D glass fibers are dry blended with the polypropylene
30 and polyamide while carbon black concentrate is added during compounding resulting in
" aresistivity of 431 Ohm-cm and flexural modulus of 3790 £ 63 MPa.




Figs. 4A - 4D are illustrated for the non linmting exanple of a conposition

10 conmprising 100 parts by wei ght pol ypropyl ene, 12 parts by wei ght
pol yani de, %Q?E@ by wei ght glass fibers, and 2 parts bycpwghddebrsC
e

bl ack. 20 |

enbodi nent illustrated in Fig. 4A, carbon bl ack

concentrate or ca G articles added i e jnjection no
stage as indicat ehb‘gﬁ'ys4é r“gﬁ@@‘m r}tqt‘Fawefhﬂ&?

step 32 resulebmp&:ﬁda leméwﬁmsﬂsnmﬁmwnb&wmmamus of
4819 f 161 MPa. Fi 4B |IIustrates t he alternatlve wherein the carb
bl ack concentas & igsety e dCvare iustraged fior the nem limiting examaple of ¢
resul ting |ncg

MPa. Fig. 4C us eé%a?ﬁ%gmmgg?g‘w[&car%ﬁwwg f 32 |

ar.bon

| di ng
unding

on
am de

concentrase |polyanii3ﬂed 3dtpnm1y veight glassifibegs, and A [paitn by imeight cagtxindilack iahd 20 f 214

Chm cm and er gal .modul u f 4491 f 51 MPa. In’'the enbodiment of Fig. 4P
th t he pol ypropyl ene 30 and pol yam de whi'le

gl ass fibersP
carbon bl ack

concem:é dlteenatice dfd-’@BadAd:bﬂi dﬁ@:oﬁblﬁpb&iMnrﬁbemlafd adfed during)

resistivity of 431, Chm and flexur | us.of 3790, + . 9 WO
00/ 46915 PCr A&\M)W?B°ﬁiﬂ$ !’5‘3" 1"1?5??"3({% (WFBE‘%?‘&‘?%%P @H“'ﬂw

alternatives

aﬁébfghﬁaﬂﬂllﬁﬁdmﬁgwwpmmpg conposition 10 whereas the

conposi tion carbon fibers or carbon black and carbon.fibers as the

conpound.!0 Fi gs: 5/ the giterpgtive of Figi B earan blask is dey blended with thapplyolelimand

conpositi on
wei ght 5 pol

a%xﬁéag?&é%ﬁ%g?t%g lglf/lﬁ wel g tm?ﬂ‘is“é %%M?hﬂﬁé%g%gmég 9131%{3/ wei ght

car bon
of a
s by

car bon bl ack otired alR@natipes wisle logrbovefiogng amad@dr(stép BEx &wring mmtmmdingen:snhhgve of

ﬁgg%%lvﬁé’??ﬁhﬁ%cgépon f b “SO?EQ%S, g&WUrl ng the injection |

"y of 0.465 Ohmcnm
and hi gh flexural mmwmezﬁmgfsgmmh& added hﬁth&lcbﬁbﬁ&idln\g%ta@é Fig.

°B carbo rl]5 bl %’gsiixlt{ng md:vré uvny o&e&umcglml&srt}gteg z(ljnldyfﬂxsjal moc?u[ilus of 8931 & 267 MPa.

Fig. SA both
nol di ng step

It will be appreciated that the specific method used to prepare the compounds
forming composition 10 for injection molding can be selected from the non limiting
embodiments described hereinabove and from many other variations thereof, thereby
varying the specific electrical conductivity and mechanical properties (illustrated by the
flexural modulus above) of composition 10. In all methods, thc present invention
provides an electrically conductive thermoplastic composition which provides high
electrical conductivity and strong mechanical properties afier injection molding.

The following examples illustrate without limitation certain aspects of the present
invention.

In all examples, injection molded composite samples (12.6cm x 127cm x

0.32an) were charactmznd for electrwal propertm by measunng volume resistivity,

according to ASTM D 257 - 93 and ASTM D 4496 - 87, using Keithley instruments.
Silver paint was used to eliminate the contact resistance between samples and electrodes.

~ Surface resistivity was measured according to EOS/ESD S11-11.

30

DxeoonmpondingASTMtestnwtbodsmme&forﬂxemechmﬁcalpmperﬁw
evaluation. Specifically, ASTM D 0638 was used for measuring tensile properties,

10



pol yam de as indicated by step 39 instead of the dry bl endi ng.

I ndi cat ed by
step 31 of the

other alternatives while carbon fibers are added (step 35)

during co ' resulting in a resistivity of 2 Chm cegpiideddomsxural
nmodul us OW@%@%BSO MPa. In the alternative of Fig. SC, carbon fibers are

added in the _conpoundi ng stage 15 result] Ln_resistivity of m cm
i|lustrat e%%??wmém%%zﬁwwm&%ﬁ;reci at ed
that the sggadifl ASTIISISHARE Wb b BRI AbSARAUNTS TOr M g coNposi ti on
10 for injection nolding can be selected fromthe non limtin epbodi nent s
descri bed her ei TApaless Gbrs contents mingl Hlleresonteay F‘&’(%ﬁ?"?ﬁé’%ﬁ?‘gﬁ%e%by

varying the {1 s lb’"c'gﬁ‘g (| dodresARTHAD 1BOPPOG4L I es

(i Hlustrat eeaa\g%%m&leeﬁéﬁk? exur-al “no rﬁwg)ég@o? conposition 10. 1n all
met hods s t hrespeetdelynt i nvention provides an electrically conductive

t her mopl astic ¢ osi tion whi rovide igh _el riGa Fggg jvity and
strong nmechani cgllq;gﬁf’@mtﬁ @grpg‘r?}f’%r %%#ﬁ"%ﬂﬁ%d%%n ﬁ’g ové}}hg

exanpl es i | fresk fradteredvinirfacus twetd diiidied! | ON certai n aspects of the present
invention. 25 In all exanples, injection nolded conposite sarTPI es (12.6cm x

1.27cm x  032cmyin R ePemsass, conmsstyl gufesfil (homgpo PRI easuri ng
vol ume resi gi§ Vps YHIPSARORYE] PET Rd AT MelRriBed in d@ail With RERAcOI Ffles 87,

using Keithley instruments. Silver paint was used to elim nate the contact

resi st afce WetcRE(highnod low densitygrades); eJasemer, PA (PA6,RAG6PA eBALL P ty was
measured ac dibng Ii?% SRL.S1 h r ng| ué@,l est

nmet hods vvergg'g'sgg F@?”t e %@ﬁ%nﬁ%{(ﬁﬁg@rﬁa@g %%-glgug‘%n?gn. ply(-:llt:‘f ically,
ASTM D 06 38mivsanetes dihnfeter), condstive cagbdnehiack|apd parbare fibdreéchopped fibes.(OmmG 815

PCr/ 1L00100075 TM D 790 s used f.or . Li f re, 56 was
used to meaSEl @W*@%aﬁﬂ%m%g%s%% ?rga@ﬁr wat er
absor pt i on. mikfil Sl sechfas Mollastnin, €0d andrhicehave beér dsed incthistseudy. Eiveltypése car bon
bl ack content in _each sgsd(im .was deter 'ned.hi( Pngeq ASTM D 5630 - 94
and AST# D afssron blggéwere . Their properties are shown in Table ow. .

Table 1

Ketjen Keten EC | Vulean | Corax L6 | Conductex 975
Property EC 3001 | 600D XC-72 | (Degussa) | (Columbian

(AKZO) | (AKZO) (Cabot) Chemicals)
Surface area BET. w/g 1000 180 265 250
Particle size, nom 30 29 18 22
Porevolume DBP,mV/100g — 350 480 178 123 165
Surface area CTAB, m'/g 480 86 150 153
Todine absorption, mg/g 900 1000 293 260
Volatilities, % 105 0.6 10 15 1.0
PH % 3 N K 7

All blend ratios described relate to parts by weight, in each case based on 100
20 parts by weight of the first compound. Typical electrically conductive polyolefin
composites may comprise: 100 parts by weight polymer matrix, 4 to 20 parts by

11




5 respectively. The conposites norphol ogy was studi ed using scanni ng

el ectron m croscopy. Freeze fractured surfaces were studied. In the
experinents, comercial grades of PP (homopol ymer and copQctitdeeers ABS, PS,
H PS, NORYLWOWR68IAd PC. (described in detail with reference to Tables 10
10-13), PE (high and.low density grades), elastomer, PA (PA6, PA66, PA 11,
PA12, PA 6/6.9, PA 6112), EVOH, glass fibers (chopped strands, 3.2-6.3 mm
| ength, 10-13 mcroneter dianeter), conductive carbon black and carbon

fibers (Boipppidel 10 k%Y parts by wriehy elasyfibers. 9-5go 49 ey wrighhertop placks Ogani ¢
pol yam d%#ﬁ%%&wm 3-5 decrier) and mneral filler such as

wol | ast oni d mca have been used in this study. Five types 15 of
carbon bl ack Ther deasieatijandl mephunical bekvior tof compesitians olhwesh stwliesd &or1 bel ow. ~~

Tabl e | L en . 8 6,,}4,;; Coge, : C ; EC 300J
600JD XC LuDé’(f:]'ussa E’ ul ﬁg?(ésn (A@é@?%ﬂ%&s qcé%grqtc)eﬁ%éﬁnb%al S) .
Surf ace poigmni@gassafiber gat0gsl cabm black cogeration. c|The gpgistivitg gadithe29 18 22
Por evol une .DBP..niJ @gpﬁﬁg‘ : : /g 480 86

| SO 153 apsorption, rrﬁl%g&&%%i%!g%t%%&%?gfl ;%Eizelg‘ 9'0 0.5
0.6 1.0 h-vall be @ppréditgi hat2he7safnples peoducds| veere]inr ageordance| avith thelrseressiigat e t o parts
by weight, .in ch A of).: rts by weight of the first
conpoundm?ﬁ‘g?p%%g@&fp‘?gfﬁv g’&%ﬁ%‘c’t%?‘e@gpol yol efin conposites my

conprise: 100 parts by weight polyner matrix, 4 to 20 parts by 11 WO
00/ 4(130815 PCTf 1 LOQ 00075

_ Table2A

Compostion { 2 3 4 5 6 7 8 9 10
Potypropylene | 100 100 10c 100 100 100 100 100 100 100
(MF1 12)
Polymmide 6 | S 5 5 5 5 8 8 10 12 10
Giass Fiber | 12 12 20 {20 20 2 30 30 30 30
Carbon Black | ) 3 0.5 l 3 3 1 15 2 3
(EC 600)
Propenty
Fiexural 3044 3849 | 3041 3945 4104 4366 5003 4655 494} 5153
Modhins ,
MPa
izod Impact, {69 64 33 83 60 57 %6 | 79 + |65
notched, Jm
Volme >10* 33x10° | 10° 10 1.6x10° | 8.6x10° | 6.6x10° | 3x10° | 1.4x10° } 6.5x1
Resistivity o
ohm-ctn 1

1 | i | ) | I i i ;

12



Pol yam de, 10 to 55 parts by weight glass fibers. 0.5 to 10 parts by wei ght
carbon black, 0 to 30 pats by wei ght carbon' fibers. The electrical and
mechani cal bagk@r of compositions 10 was studied for dedrfiEsemodrs pol-yan de
m xtures ratios as a function of glass fiber concentration. 5

pol yam de/ gl ass fiber ratio and carbon bl ack concentration. The resistivity
and the rrechanl cal propertles as Ra®gRBt i on of conposition are summari zed

i n Tabl 2 A WWW wer e
in accof &9 essing nethod of the present” invention i.¢..

I nj ecti Py HotEE q ZA00CONPORDON Ligo 3 24 RO /7 oY 1Joo 100
Pol ypro y 4 Jjoo 100 100 t00 100 100 100 (VI 12) Polg%/)mhi de 6
515 13 Bolﬁax{nd86{ 8 110 12 10 * Gress>Fiber 66 12 1#2 20 %0 20 § 0 30.
30 Car ﬁgclelOSl 1,4 31 J4l.52,3" (ECZ@OO) fo1{ 1301 1 351
Fi exrrs %849 3041 3945 4104 4366 5003 4655 4941 5153 Mbdul us.
| rod i np@atbon BRACIGEDBEIB3 6] 576776 738879 63.1 nokl3 ! ha 2i mi310° 2. 3310s
10" 10" 810 —8-6%10—6—6:430—3% 103410 — 6 Exd—Riyi-ty—0—Ottattd | |
11 Property

Specific Gravity, Kg/dm’ 1.02 1.01 1.02 1.02 1.02 1.06 1.06

Water Absorption, % 0.04 0.06 0.06 0.04 0.05 008 008

Flexural Modulus, MPa 3984 3958 3954 394] 3936 4866 5039

Tensile Strength, MPa 54 58 52 52 58 63 63

Elongation at Break, % 28 3.1 27 28 2.8 2.5 26

Izod Impact, notched, J/m 68 8 . 66 63 7 85 76

Melt Flow Rate, 52 4 6 2.8 3 33 32

230°C, 2.16Kg

Heat Distortuon Temp’ °C 161 163 16] 162 163 164 163

Volume Resistivity, 3.24x10°  25x10°  32x10°  1.3x10°  7.9x10° 3.4x10° 12x10°

obm-cm

10
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12 WO 00/ 46815 PC1'/1L00100075 Table 2B Conmposition 1 2 3 456 7

Pol ypr opyl ene (I\/FI 25) loo too too loo too oo 100 5.3 6.6 888 12 4

Pol yam de 6?3 fsi ber 20 20 20 20 20 30 30 Carbon bl aclcrB®e8005 0.-67
0.88 1.1 1 2 3 2 Property Specific Gavity, Kg/dm 1.02 1.01 1.02 1.02
1.02 1.06 1.06 Water Absorption. % 0.04 0.06 0.06 0.04 0.05 0.08 0.08

Fl exural Modul us, MPa 3984 3958 3954 3941 3936 4866 5039 Tensile Strength
MPa 54 58 52 52 5eraaasmmm)dymt@ﬁwdmw<of 1esistivity and) plyysizal propegties 2.

58 3 33 3 50 o T Gieneindl B ool 0 R Bl odffpronylenilioiihle ?234 °
164 163 Vol RS Thé invieasy of BnsAé stpth)udiilis ad Breafil modalud it incReatify

3.4x10' 22X10' ohmcm S : WD .00/ 46815 PCr/1L00100075 Tabl es 3A*and
3B i |l ust?at SaspE bﬂ@g&ﬁn&f&'@&mmmt ivity and physi cal properties

Table 3A
rompmilion . 1 2 3 4 5
olypropylene (MFI 12) 100 100 100 100 100
olyamide 66 5 8 12 16 16.5
lass fiber 12 20 30 0 50
n black (EC600) ! 5 2 238 2.8
lepero'
ensile Strength, MPa 39.4 44 56.2 58 474
ongation at break, % 3.2 26 23 2.1 2
ensile Modulus, MPa 7N 2030 2634 3133 2406
lexural Modulus, MPa 054 . 3801 4684 5394 5576
Impact, notched, J/m 69 77 71 57
ater Absorption, % 02 0.03 0.04 0.06 0.07
pecific Gravity, kg/dm’ 981 1.025 1.082 1122 1.145
olume Resistivity, ohm-cm 1¢* 9.4x10* 850 440 2.3x10*

14



on glrass fi-ber concentration in conpositions 10 for different
pol ypropyl ene/ pol yam de

nmodul us andvhbﬁﬁ | nmodu
clearly appreciated. Tabl
100 100 100 100 100 Poly
Car bon bl ack (EC600) 1 1.

m xtures. The increase of tensile strength,

lus with increasing ~ 5 glass figeaymLe®esrent. i s

e 3A onposiuion | 2 3 45 Polypropyl ene (M

12)

amde 66 8 12 16 16.5 d ass fiber 12 20 30 40 50
52 2.8 belﬁlbperty TenS|Ie Strength MPa 9 4 44

Resi sti vi:
PCT/ 11 AQ
(MF125) 1
10°'12 4
0.88 1.1

Volume Resistivity,
ohm-cm

Polympyiets 41 23
Popmidess Gravitys kg/dnB 981¢d.02% 1.082 1 %22 1814510 pl upre
é un-cm | 0= gg4x 10 0890 %go 2%% 1%0 &p 0468' 5

B8P3 Tapl e 3B nposi t*on 1°2 3% 5 4?y og)yl ehe
Garhplagk(BC 400 1URF7100 480 10H' 1005 Pol §/am dd 66 '# 5.56.628
s»,s,p;dyber 20 20 20 20 20 30 30 30 S0 "Carbon bl ack (EC 600)
Srecitc G Kgaw — O Pioat T OPEhE Y T TeT 16 102 105 106 105 106
Water Absorption, % 0.04 004 007 004 005 005 007 01 005
Flexural Modulus, MPa | 3917 3804 3858 373 3936 4815 4640 4732 4856

1
Tensile Strength, MPa 52 53 53 53 56 57 59 51 6l
Elongation at Break, % | 2.7 3. 30 30 30 26 24 29 20
Izod Impact, notched, Jlm 64 71 76 66 67 75 75 T 62
Melt Flow Rate, 18 12 1 8.6 1 8 88 8 6
275°C, 2.16Kg _

Heat Distortion Temp, °C | 161 163 163 162 162 164 165 165 163

2x104  9.9x10°  4x10° 490 7.9x10° 650 814 241 175

15

% 69 190 71 WY \ﬂﬂ@er W‘bsorml orl00 o4 1092 OOQ) 0.04

8 6 8
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Specific G Kgldn8 1.02 1.00 1.01 1.04 1.02 1.05 1.06 1.05 1.06 Water

Absor ption,
Modul us,

MPa 52 53 5§K§§kég§

2.6 2.4 2.9 2.0
18 12

Fl ow Rat e,
161 163 163
4x10' 490 7.

% 2.7

% 0.04 0.04 0.07 0.04 0.05 0.05 0.07 0.1 0.05 Flexural
804 3858 373 3936 4815 4640 4732 4856 pigRGdcesd7St r €Nt h,
57 59 57 61 Elongation at Break,

i o1 305 g ety 0 Sectionss o

3.1 3.0 3.0 3.0
6.67.75 15,77

g?wffgﬁﬁﬁkfhﬁq enp. C

2 Melt

oﬁ%l&ﬁ&u&ﬁﬁ‘aﬂlﬁ 30), Mtk (TEbIERSB) fid stiday(Tablx 38y all Lt 0’

x10' 650 814 241 175

ohm

Tabl es 3C, 30ibspepncentiation ja compasitions 1Qifop
properties on wollastonite (Table 3C3

and gl ass

pol ypr opybkene: elastoner
Pol ypr opy!l eryes
Pol yam de 64
- 30 12 12 j4
Property Fl e

Gomposion; 5 g g

m Xt ur ES

m 15 F WO 60/ 46815 PCr/ QA0100075
iffereniRolpropyieas-desapmer
talc (Table 3D) and m ca (Table 3E)
fi ber concentration in conpositions 10 for different
Z Tablismbl e BC CorrposW)n 1 2345 6 7

physi cal

ualss fi Ber 20320'- ‘12'12510'8 W)ITatonlt'e g

: dadul us,
Glass fiber

SPolypropylces:Bksomb| a¢

M

ROGEC @00) 1166:01. 50605 &8 166401 G40
ba 53731 3900 2§40 3370 18Q0 17%0 17§0

[

20 20 - 12 12 10 8
Wollastonite - - 30 12 12 15 15
Carbon black (EC 600) 15 1.5 1.5 1.5 1.5 15 15
Property
Flexural Modulus, MPa 3731 1900 2640 3370 1800 1770 1700
Izod impact, notched, J/m 66 100 17 34 87 81 92
Surface Resistivity, ohm/sq. | 10° 10’ 10° 10° 10 100 107

16
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| zod .I mpact, notched,. Jim66 100 17 34 87 81 92 Surface Resistivity,

ohni sq. -106 10' 108 106 108 107 10' 16 WD 00/ 46815 PCT/i L001i 00075 Tabl e
3D Conposl tdg % 3 4 5 6 Polypropyl ene: El ast oner 100: Opc9TL4®004B30: 0 100: O
60: 40 60: 40 Polyamde 66 8 8 8 8 8 100 G ass fiber 20 20 - 12 10 10 Talc
-'- 20 12 12 12 Carbon black (EC 600) 1.5 1.5 1.5 1.5 1.5 2.5 Property

Fl exural Mdulus, MPa 3731 1900 2300 3300 1683'1849 | zod | npact, notched,
J/m 66 100 17 44 85 90 Surface Resi spipy ohm sq. 106 1e 10" 10~ 10" 10~
5 Tabl e 3E Cor 03|t|on1 Pol vpr opy Ie asto _60: 40 _Pol vanide 66 10

A ass fi ber | dotnpodific

Modul us, ATy N L oW a7 0% ) 00Ot GIR B B0 RESeFid LY,
ohm sq. | 08f Tabl e [ reS|st|V|ty of
PP/ PA/ GF/ CBj Polyamide 66 10

Glass fiber ' 20 20 - 12 10 10 _

Talc - - 20 12 12 12 |

Carbon black (EC 600) 1.5 1.5 1.5 1.5 LS 25

FProperty

I Flexural Modulus, MPa 3731 1900 2300 3300 1683 1849
1zod Impact, notched, J/m 66 100 17 44 85 90
Surface Resistivity, ohm/sq. 10¢ 10’ 107 10’ 10° 107
5 Table 3E

Composition 1

Polypropylene:Elastomer 60:40

Polyamide 66 10

Glass fiber 12

Mica 12

Carbon black (EC 600) 2

Property

Flexural Modulus, MPa 1845

Izod Impact, notched, J/m 95

Surface Resistivity, ohm/sq. 108

¥

Table 4 illustrates the dependency of electrical resistivity of PP/PA/GF/CB
systems (100/12/30/4 phr ratio respectively) on the type of second thermoplastic
component (polyamide) used. It is clearly scen that any type of polyamide can be used

10 for composition 10 and that their electrical conductivity can be determined by sclecting
the degree of crystalinity of the polyamide. Lower values of resistivity were obtained for

17



systens (100/1213014 phr ratio respectively) on the type of second

t hernopl astic conponent (polyam de) used. It is clearly seen that any type
of polyam de can be used 10 for conposition 10 and that tgeisiofedesst i cal
conducti vi tV OMISSHL det er mi ned by selecting the degree of crystalinity of
t he pol yam de. Lower values of resistivity were obtained for 17 WO

00/ 46815 PCTtbinpositicns lO(hmds:hthﬁsaﬂd)szﬁsBAlhrPPAzmﬁdﬂhemolﬁﬁk) PA 12
(sem crystal]i ol yani.de n_f ) 9.and PA 6-12
(amor phous d%ﬁ'{/lfg# : é’h‘%}ﬁ' #éé' @%ﬂﬁ? gg"" ) é“'&'tﬁgf

additive, a cbh&h@iuohevedndﬁéuveaﬂ&im i highst lwtsoaainuaﬁedywasﬁanev&ﬁm(nme nmost
crystalline pol yam de st udi ed) base&xﬁ nmpound. 5 Table 4 roperry A 66 PA6
PA 12 PA | |66f3kiesogycaysisiing polyamige studh B’@ﬁ‘i"é?f@?%‘" ‘MPa 8.4 54.2 51.9 49. 6.~
58.5 56. El ongati onat break,% .1 1.9 2 3 2.3 1.9 Tensile Mdulus, MPa 256

3030 2541 1868 3074 3160 Fl exural Modul us, MPa 850 4699 4592 3899 4650 4890 |
| zod | npact, notched J| m 70 68. 8 58 'Blbﬁ:l‘t 62 speC| f| c graV| ty kg/drrB v

1.086 1. 09¢ : O - = gx 10
23x10 5. axFOPEE 105 L 3x105 | PA% | FAboo. DE “&ppr FALE ol PR a0 18 pd of
car bon bl afnsfictendts MPg U W [ 153410 CGEPOSI mogns (t9.6REST B VI LY 56610

mechani cal Dr oper of conyopsites th five gr ade at t | oagi ng

| evel s, E%ﬁ%'ﬁ%”@s based Of] Pol y\giropyl&ene (1030 part?)3 PA 66 (1

parts) and gisieddodilistMites (30 P& s) W pred¥ht ed 1¥6F Tabl38%5. | A¥Bectifon of
t hi s tabl efreke Pedufis it Kegessd acksisdC 308s9and E89600, 46dpe npaggoconguct i ve
carbon bl ﬁ[ ks m%%gm r%i de tfhe highgst el godricalggcondygtivity, 18
Specific gravity, ke/dm’ 1.086 1.092 1.081 1.079 1.076 1.069
Volume Resistivity, ohm-cm 700 33x10°0  23x10°  54x10°  33x10°  1.3x10°

It will also be appreciated that any type of carbon black can be used with

10  compositions 10. Resistivity and mechanical properties of composites with five CB

grades, at two loading levels, for composites based on Polypropylene (ldO parts), PA 66

(12 parts) and glass fibers (30 parts) are presented in Table 5. Inspection of this table

reveals that Ketjenblacks EC 300 and EC 600, the most conductive carbon blacks used
provide the highest electrical conductivity.



WO 00/ 46815 PC FI I LO0100075 Table S 300 C 72 L6 ONDU Cl EX phr phi phr
ropeny phr phr phr phr phr phr ensile Strength, MPa 6.2 21 7.7 15.9 54 2
5.1°13. Qi gation at break, %2.1 2.5 3 .6 .3 .6 Pctaioonders 1eNsile
Nbdulus 76 1911 087 1933 91 147 1193 1194 Fl exural Modul us, MrPa
4694 898 1803 1968 1747 5168 335 1948 1638 |zod | npaci, notched, Yin 77 72
0846 19 72 Specific gravity kg/dn%"!!.eész 1.072 1.079 1.079 1.079 1.074
1. 076 1. Opo=t—oTZOornme TUT BonDU 10
x10 Yet pnot her factor which cetern1nes the residtivity and nechani cal
properti ejpropdty conposi ti orpphiO P ghrf | ﬂubl Py Qﬂﬁﬂzr tdpbr popyprer

rratrlx usé_ rAS;DID'JI’l\I s-aen [y Tﬁhl v |n\nl SH—EH 'FL_I'\" nt Ln
resistivi Tl Skpngh. &0 o1 e Podsi r&r "Lxaftd e Phol y‘ﬁ?op Sdne fitPt h Yher
MFl . Tabl [Elogation atbregy¥eded Rl owpSTabpé 6 Réiomgd 2 @4 235 78 9 Pypn

1961 10047 | psopyppae (¢M-I

pyl ene (M M?Mdﬁ&mypt ombEn&TieMFR911 2) hok®O

25) 100 | yanilde 66,5 1p.12 2 1 18, fi 11 12

30 30 30 | %%B%HP‘ Cubdnohl S’E’ (B 605 | 295”5 ”G 8 Efg -

Property [zpéimgrctiochd us, MvPa F1054fB03 7% 168684684445 6581 95515[5576 16249

Vol une =~ Gitid grdvinikg/d@hm cM.dkD' 186 3 [1 40 0f1.860 96074 4078, 30640 :
[Volume Resistivity, ohm-cm [850  |1560  [789 10° P10t 52 10° onno‘

Yet another factor which determines the resistivity and mechanical properties of

compositions 10 is the flowability (MFI) of the polymer matrix used. As clearly seen

s  from Table 6 below, significant lower resistivities are obtained using for example
polypropylene with higher MFI. Table 6 is provided below.

Table 6
rgmpaxilion 1 2 3 4 5 13 7 3 9
lypropylene (MFI 3) 100
olypropylene (MFI 12) 100 100 100 100
lypropylene (MFI 25) 100 100 100 100
lyamide 66 5 s 12 12 216 16 165 15
lass fiber 12 12 3 30 30 4 40 50 50
black (EC 600) 1 1 2 2 2 28 28 28 25
I?’mpav
| Modulus, MPa 3054 3037 4168 4684 4450 5812 SS51S 5576 6249
m Resistivity, chm-cm 10’ 2863 1100 850 290 565 405 23x10* 543
0 Table 7 hereinbelow provides examples of compositions 10 including carbon

fibers as also illustrated with reference to Figs. 5A - 5C hereinabove. Volume resistivity

of less than 1 ohm-cm were achieved in carbon fibers/carbon black/glass fiber/second
- thermoplastic component (polyamide)/ polypropylene compounds. Table 7 below

illustrates non limiting carbon fibers containing compositions and their properties.
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—16—TFabte 7 hérei nbel ow provi des exanpl es of conpositions 10 incl udi ng
carbon fibers as also illustrated with reference to Figs. 5A - 5C
her ei nabove. Vol u resistivity of less than | ohm cm weperm@bo®yed i n
car bon fibewgﬂggpggn bl ack/ gl ass fi ber/second thernoplastic conponent
(pol yam de)/ pol ypropyl ene conpounds. Table 7 below illustrates non
limting carbon fibers containing conpositions and their properties. 19 WO
00/ 46815 PC[' nl AO1r>0075 Table 7 oatpoa7riovr Il 23456 7 8910 polyp
opvi ene (M- 25) 100 100 100 100 100 100 100 100 100 100 Polyam de 66 12
12 12 12 12 14 14 14 14 14 d ass Fipghe® 30 30 30 30 40 40 40 40 40
CarboneSIark (EC A0V 2.2 2. 2 2.3 2 8.2 8 2 8 2 8 _ Carhan Eiher 6 .10 20 30

| s i
" : !

' p ed "D
presen Wm)@ﬁi ion. in parti t!hl ar'?5 the orés iftludfng b‘ar bdh filBer sland
havi ng @as{ﬁlﬁi StIVI ty of lesBothawm | @hm cm prewi dao i ngeroved Elseectro |
Magnet &eewnce (EM)pshiel ding w bh a Lomenacontgntqgf Gar boyy b
and ca on ers Ther ef or b. they are sy er| § prlé an eleﬁtrr%all,
conduc] e Iastrcs in a wde range %t agplr ations uch'bs df ear’r od

appIIC _S where the anopnt of Carbon I S Inportanf Tor the Cleanl I NgSS
of thelnrocess 10 1t will :

| m t effigsp Mpdiks MBS been  df
nodi fi me@ldmm V\/nr :..
i nvent pr— ST g e -
described with reference to polypropylene the present |nvent|on S equaIIy ,

appl icable tO0  will be appreciated that the compositions of the present invention. in particular

s the ones including carbon fibers and having a resistivity of less than ] Ohm-cm provide
improved Electro Magnetic Interference (EMI) shielding with a lower content of carbon
black and carbon fibers. Therefore. thev are superior to prior an electrically conductive
plastics in a wide range of applications. such as clean room applications where the
amount of carbon is important for the cleanliness of the process.

10 ' It will be appreciated that the present invention is not limited by what has been
described hereinabove and that numerous modifications. all of which fall within the scope
of the present -invention. exist. For example. while the presem invention has been
described with reference 10 polypropylene. the present invention is equally applicable to
other polyolefins such as polyethylene and to polyethylcne-polypmé_\'lcnc mixtures.

15  Polyethylene based compositions were prepared using LDPE and HDPE grades in a
generally similar manner to that of polypmelcne As an example. a polyethylene based
composition (100 parts on a similar weight basis) blended with 11 parts of polvamlde
(PASG). 20 pants of glass fibers and 4.4 parts of carbon black (EC-300) exhibit volume

" resistivity of 10° - 10° ohm-cm.
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ot her pol yol efins such as pol yethyl ene and to pol yet hyl ene- pol ypr opyl ene

m xtures. 15 Pol yet hyl ene based conpositions were prepared using LDPE and
HDPE grades% & general ly simlar manner to that of polphapiewb@se. -As an
exanpl e FV lﬁyl ene based conposition (100 parts on a simlar weight
basis) blended with 11 parts of polyam de (PA6). 20 parts of glass fibers
and 4.4 parts of Tahis $idlustiates tvo TRamples,of polyethylene based cPmRYSHionsi ty of 105 -
| O6 ohmcm 20 20 r WO 00!46815 PCrnLOO O rs Table 8 illustrates two
further exanples of polyethyl ene based conpositions. Table 8 Conposition 1

2 PE 800 (MFI 20) 100 PE 600 (NFI 7raBR@ Polyanmide 66 12 12 d ass fi ber
30 30 Carhgn.hblack (EC 600} 2 i

L0 pecif ic Gravity, Kg/dm 1.07

1.07 Wate G&ﬁ}msmomn % 0. 0§ l0 06 FI @Xural Jdul us. MPa 1663 1622 -
Tensile M S engt-h—iVPa 19.3 17.1 El ongation
at Break, YPEZQ0EMEI20)z0d | rrpcldpo not ched JJmdo 81 Melt Flow Rate, 275C,
33.2.18.8 PE 600 (MF1 7) 100

Polyamide 66 {12 12

Glass fiber 30 30

Carbon black (EC 600) 2 2

Property

Specific Gravity, Kg/dm® | 1.07 1.07

Water Absorption, % 0.06 0.06

Flexural Modulus. MPa 1663 1622

Tensile Modulus, MPa 746 678

| Tensile Strength, MPa 19.3 17.1

Elongation at Break, % 3.0 3.3

Izod Impact, notched, Jm | 80 81

Melt Flow Rate, 275°C, 332 18.8

2.16Kg

Heat Distortion Temp, °C | 96 96

Volume Resistivity, 1x10° 2x10°

ohm-cm o

5 In other alternative embodiments, the polyolefin component is replaced by

another thennoplastxc compound as the first component forming matrix 12. In fom'

.prefened anbod:mmts, the fust component forming matrix 12 'was

acrylonitrile/butadiene/styrene (ABS), polystyrene (PS), high impact polystyrene (HIP'S)

and polyphenyleneoxide/polystyrene (NORYL). In two other embodiments, PBT,
10 PC/ABS and PC are used as the first thermoplastic component.

2)



2.16Kg Heat Distortion Tenp, C 96 96 Volune Resistivity, |x106 2x106
ohmcm5 In other alternative enbodi nents, the polyolefin conponent is
replaced by ngr t her mopl asti ¢ compound as the first oei¥mudesys f or m ng
matrix 12. N9 our preferred enbodinents, the first conponent form ng
matrix 12 was Tyl on| tril e/ butadi ene/styren ABS), pol ystyrene (PS),

hi gh i npact pol ystTgb oy gamples eaf) | ope o fased NORYL ) .
In two ot her cg%%ﬁnts PBT, | o PC/ABS and PC are used as the first ;
t her nopl asti c conmponent. 21 WO OO 46815 PCTI R, OO 00075 Table 9 illustrates
two exanpl es of polyethyl ene-pol ypropyl ene based conpositions. Table 9
Conposition | 2 PE 800 (M 20) 100 -Fabqgg (MFI 7) 100 Pol ypropyl ene (IVFI

25) 24 24 Polyanide 66 8 8 .3 ass fiber 20 Carbon bl ack (EC 600) 1.5
1.5 Pr-opertﬁ?maw ty] Kg/jdm 1.03 B 02 JWater Absorption, % O0.05
0.05 FI exura?ol\gdffr MPa _197p 2117 Tensile Mdulus, MPa 1246 1176 .

PE 800 (MF1 20) 100 v

PE 600 (MFI 7) 100

Polypropylene (MFI 25) 24 24

Polyamide 66 8- 8

Glass fiber 20 20

Carbon black (EC 600) 1.5 1.5

Property .

Specific Gravity, Kg/dm® 1.03 1.02

Water Absorption, % 0.05 0.05

Flexural Modulus, MPa 1975 2117

Tensile Modulus, MPa 1246 1176

Tensile Strength, MPa 27 274

Elongation at Break, % 23 25

Izod Impact, notched, J/m 63 70

Melt Flow Rate. 275°C, 24.7 14.2

2.16Kg '

Heat Distortion Temp, °C 101 102

Volume Resistivity, 3x10° 3x10°

ohm-cm




Tensile Strength, MPa 27 27.4 Elongation at Break, % 2.3 2.5 1|zod |npact,
notched,, J/m68 70 Melt Flow Rate. 275C, 24.7 14.2 2.16Kg Heat Distortion
Tenp, C 101 102 Volune Resistivity, 3x105 3x10° ohmcm 0/ 46815
PCr H1. 00100WP90/4683%| ¢ 10 illustrates the resistivity and.

properties of conpounds based on PBT, PGABS and PC. Table 10 Conposition 1
2 3 PBT 100 PCTabig 10 Glusti@es theaesisivi phisicalprepesties »f caprpundsibased on 20 20 30

oesisivityyend ipbiysi
Car bon bl acl%éfggﬁ%gu%%4 Property Fl exural Mbdulus, MPa 6035 4760 6330
0 L Jin

| zod | npact, 50 25 52 Surface Resistivity, ohm sq. 10 10" 106
5 Table 11 illustrates resistivity and nmechani cal properties of PP based
conpounds
Table 10

Composition 1 2 3

PBT 100

PC/ABS 160

PC 100

Polyamide 66 8 4 12

Glass fiber 20 20 30

Carbon black (EC 600) 2 2 4

Property

Flexural Modulus, MPa 6035 4760 6330

1zod Impact, notched, J/m 50 25 52

Surface Resistivity, ohm/sq. 10’ 107 10

5
Table 11 illustrates ﬁstivity and mechanical properties of PP based compounds

with different fibers.

Composition 1 2

Polypropylene 1060 100

Polyamide 66 8 -

Polyamide 12 - 8

Glass fiber 20 -

PAG6 fibers - 10

Carbon black (EC 600) . 1.5 2.5

Property

Flexural Modulus, MPa 3731 1900

[zod Impact, notched, ¥/m 66 14

Surface Resistivity, ohm/sq. 10 10




with different fibers. Table 11 Conposition 1 2 Pol ypropyl ene 100 100
Polyam de 66 8 - . Polyamde 12 - 8 dass fiber 20 - PAG66 fibers -

Car bon bl ac . 1.5 2.5 Property Flexural l\/bdul u Miﬁsé'; 1 1900

| zod I nmpact &‘ig’?‘éﬁgd J/m66 14 Surface Resistivity, sq %0 10 23
WO 00/ 46815 PCT/ 1L0000075 Table 12 illustrates a non I mt| ng. exarrpl e of
conpositions 10 f®& MHZW mmampémfm MW ¥ith ABSs econd

t her nopl ast i mg Hﬁg}eg am,‘qﬁ
different gl ggg I ber content an | T ent ow armunts of car%l f)l ack. 5

Table 12 - ' WWMBWIMIMO@MM@WBSOM @mlﬁ@@npb%moudﬂ pE 100
NORYL 100

carbon black. -
_ .
Table 12 . !
Composition RE 2 3 ) 3 6
ABS 100 |100 |100
PS ' 100
HIPS 100
NORYL 100
Polyamide 6 12 | 12
Polyamide 12 8 12 12
Polyamide 66 12
Glass fiber 20 30 |30 30 30 |30
Carbon black (EC 600) 12 |3 3 2 3 3
Property
Volume Resistivity, ohmem | 10° [10° [10° | 10° 100 |10’

Tables 13, 14, and 15 provide further examples of PS, HIPS and Noryl based
compositions, respectively, and their mechanical properties.
10




Polyam de 6 12 12 Poiyam de 12 8 12 12 Pol yaraide 66 12 d ass fiber 20 30
30 30 30-30 Carbon black (EC 600) 1.2 3 3 2 3 3 Property Vol une

Resi stivity, 10 10 f 10, 10, 10, Tables 13, 14, ancpcrapLiidetrsde.
further exaﬁﬂg PS, HIPS and Noryl based conpositions, respectively,
and their nechanical properties. 10 24 WO O0W6815 PC r/ QAQ OW5 Table 13
I1lustrates the dependence of resistivity and physical properties on glass

fi ber concentrati ' ,B&M%Qﬁa% Al3Evi ?:hirﬁcai-ﬁmgﬂﬂ&%ii jon 1 2 3
4 PS (GP) 100 108a¥883?60 Pol yam de GQE 8 12wgg§yanide 12 12 %ﬁs fiber
12 20 30 30 fibsr ermeentrtinndn g PEPAGEH/CB compowsd3 Property Specific Gravity,
Kg/dm1.09 1.17 1.22 1.2 Water -Absorption, %0.12 0.12 0.13 0.07 Fl exural
Modul us, MPa 4850 5830 7100 7000 Tensile Mdulus. MPa 2740 3130 3650 3290
Tensile Skrength, MPa 56 70 66 59 Table 13

Composition 1 2 3 4
PS (GP) 100 100 100 . 100
Polyamide 6 5 8 12

Polyamide 12 : 12
Glass fiber 12 20 30 30
Carbon black (EC 600) 1.5 2 3 3
Property

Specific Gravity, Kg/dm’ 1.09 1.17 1.22 1.2
Water Absorption, % 0.12 0.12 0.13 0.07
Flexural Modulus, MPa 4850 5830 7100 7000
Tensile Modulus. MPa 2740 3130 3650 3290
Tensile Strength, MPa 56 70 66 59
Elongation at Break, % -2 2 2 2
Izod Impact, notched, J/m 43 52 51 38
Melt Flow Rate, 82 5.7 3.7 3.0
230°C, 2.16Kg

Heat Distortion Temp, °C 82 84 - 86
Volume Resistivity, 45x10°  7.5x10°  3.8x10°  2.2x10*
ohm-cm
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El ongation at Break, %2 2 2 2 .lzod Inpact, notched, J/m43 52 51 38 Melt
Flow Rate, 8.2 5.7 3.7 3.0 230 C, 2.16Kg Heat Distortion Tenp, C 82 84 -
86 Vol umeé%ﬁgﬁ& I vity, 4.5x105 7.5x104 3.8x104 2.2x104 pd¥he60es \O.
00146SI S P . 00075 Table 14 illustrates the dependence of
resistivity and physical properties, on-glass _fiher gopcentration in

11| PS/ PAI GF/ CB p%ﬁ‘%ﬁ%ﬂ!"%l‘@m MW@M“TWMM 100 100
Pol yam de 6 fpetodcentostiondHAS/PAGEAB & i ber 12 20 30 30 Carbon bl ack
(EC 600) 1.5 2 3 3 Property Specific avity, Kg/dm1.12 1.16 121 1.19
Wat er Absorption, %0.13 0.14 0.14 0.07 - Fl exural Mdulus, MPa 3600 4560
6410 6050 Tensile Mdulus, MPa 1800_2050Q 2630 2050 Tensile Strength, MPa
43 51 61 46 Elongation at Break, o Fableddy | ;04 | mpact, notched, J/m 46

46 47 34 N%otmﬁols(flosdle’ T3[R T L9 5.7 3 4
HIPS 100 100 100 100 )
Polyamide 6 5 8 12
Polyamide 12 12
Glass fiber 12 20 30 30
Carbon black (EC 600) L5 2 3 3
Property |
Specific Gravity, Kg/dm® 1.12 "1.16 121 1.19
Water Absorption, % 0.13 0.14 0.14 0.07
Flexural Modulus, MPa 3600 4560 6410 6050
Tensile Modulus, MPa 1800 2050 2630 2050
Tensile Strength, MPa 43 51 _ 61 46
Elongation at Break, % 2 2 2 2
Izod Impact, notched, J/m 46 46 47 34
Melt Flow Rate, 23 1.7 19 1.7
230 °C,2.16Kg
Heat Distortion Temp, °C - 97 92 93
Volume Resistivity, ox10° . 7x10* 7x10° 1.5x10*
ohm-cm

S
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230 C, 2.16Kg Heat Distortion Tenp, C - .97 92 93 Volune Resistivity, 9x
106 7x 104 7x 103 1.5x]04 ohmcmb5 26 WO 00146815 PCT/ |1 LOOAO075 Table 15
illustrates the dependence of resistivity and physical pr ' on gl ass
fiber conc¥RP48n i n Noryl/ PA66/ GF/ CB conpound. Tabl e f@q Sition 1 2
Noryl 100 100 Polyam de 66 12 16 dass fiber 30 40 Carbon black (EC 600)
3 4 Property SpEabld 15ill@tmtes the depiendenrd of registivity2@d physicsl propecties oo glass, % 0. 17
0.20 Fl exural NModul . \Pa ensi.l e Modul us, MPa 3382 4361
Tensil e suéﬁﬁﬁ%%ﬂ'ﬁ“&'g‘?‘g&“@gﬁﬁﬁw%t Break, % 2.0 1.8 |zod

| npact, notched, J/m38 42 Melt Flow Rate, 275C, 1.0 0.5 2.16Kg Heat
Distortion Tenp, C 122 124 Volune Resistivity, 5x 105 1.8x 104

Table 15
Composition ] 2
Noryl 100 ' 100
Polyamide 66 12 16
Glass fiber 30 40
Carbon black (EC 600) 3 4
Property
Specific Gravity, Kg/dm® 1.24 1.28
Water Absorption, % 0.17 0.20
Flexural Modulus, MPa 6501 7193
Tensile Modulus, MPa 3382 4361
Tensile Strength, MPa 64.1 79.2
Elongation at Break, % - 20 1.8
Izod Impact, notched, J/m 38 42
Melt Flow Rate, 275°C, 1.0 ' 0.5
2.16Kg
Heat Distortion Temp, °C .122 124
Volume Resistivity, 5x10° 1.8x10*
ohm-cm ' '
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—ohmrem 5 -1 27 WD OWI681S PGITR[ ACA PO075 Table 16 illustrates
conpositions 10 w ein the second thernoplastic conponent is EVOH and not
pol yai nide. The table illustrates the dependence of resis{jVvi gl ass
fi ber conceWOr®4s®% | n PP/ EVOH/ G-/ CB conpound. 5 Table 16 ion 1 2
3 Pol ypropyl ene (MFI 25) 100 100 100 EVOH 8 10 12 d ass fiber 20 30 30

Car bon’ bl ack (EC ﬁmlwmﬁmtlﬁmtﬁéﬁmm Jooipnct3 1. 07

1% 12T R i o b 6 e L
61.8 El ongaghb&to g&nﬂﬁgﬁlﬁpﬁgz’oﬁ@p@%ﬂ, wr@od i rrpact not ched J/'m69 66
58 Melt Flow Rate, 230C, 5. . 2. 16Kg Heat Distortion Tenp, C 160
160 160 Vol une Resi sti vi ty, 1 7x105 1.6x105 1.2x103 ohmcm =
J Table 16

Composition 1 2 3 -

Polypropylene (MFI 25) 100 100 100

EVOH 8 10 12

Glass fiber 20 30 30

Carbon black (EC 600) 2 2.5 3

Property

Specific Gravity, Kg/dm® 1.03 1.07 1.07

Water Absorption, % 0.03 0.03 0.05

Flexural Modulus, MPa 4530 5697 5529

Tensile Modulus, MPa 2475 2572 2670

Tensile Strength, MPa 59.7 62.1 61.8

Elongation at Break, % 2.7 25 24

Izod Impact, notched, J/m 69 66 58

Melt Flow Rate, 230°C, 5.0 45 32

2.16Kg -

Heat Distortion Temp, °C 160 160 160

Volume Resistivity, 17x10°  1.6x10° 12x10°

ohm-cm

10



10 28 WD 00/ 46815 PcT/ nAW 0007s Table 17 illustrates the dependence and
resistiwity and physical properties on glass fiber concentration in

PP/ PAI GF/ CB_( P. stoner 60:40) conpound containing ela ﬁﬁbmn i's
clearly sho#‘?%&'?t he conpounds containi ng el ast orrer offgzr:‘P | ghelr7£ I mpact
t han the conmpounds. su rized ip Table .5, Tabl OSJtIO 12314
Pol ypr opyl ene 100fablgd? &B?éﬁWFHEF agf Eﬁb 20 25
30 Carbon bhackeohEmtrion) inl PP/EN/GFER IPEQQ by 6b140X 6,0Mujlmnm§/Pa 1500
1900 2000 2300 |Izod Inpact, notched, J/n1134 120 107 1 Sur face

Resi sti vi t y,elastomies.q It nsccleagm@hmsthm@e cpmpeuniyDCorBiniog rlastomer offex higry 75

Tabl e 18 |II sical properties of conposition
10 conpr|5|ng%§5?%§reﬁ? B&Fag yrene conpogg% wherein the second

t her nopl @stic conponent is PA or ABS, and wher ein different fibers are
used. Any suitable pignment nmay be used to produce conpounds of different
hues. 5 Table 18 Table 17

Composition 1 2 3 4
Polypropylene 100 100 100 100
Polyamide 66 5 - 8 8 10 -
| Glass fiber 12 20 25 30
Carbon black (EC 600) i 15 1.5 2
Property
Flexural Modulus, MPa 1500 1500 2000 2300
Izod Impact, notched, J/m 134 120 107 100
Surface Resistivity, ohm/sq. 107 10° 10° 10°




Conmposition 1 2 3456 7

Polyamde 6 8 - - - -
26 20 26 Elasto -
17 - - Car b¥R%

not ched, Pin Surf

8 -

ABS -
17 -

H PS 100 100 88 100 88 - - PS -
40 35 40 35 -

Wl | estonite - - - 10 - - -

2333323
3900 4300 5200 5830 5820 Mbdul us,
Teble Hodlustytes 1the resisivity) gud|

WD 00/ 46815 gﬁ%ﬁg
limting exanpl’es of PP/ PA66
di fferent cmmnmazsumgrdﬂsbm\w hegein

?I&SS

(EC 600) Property Flexu
MPa | zod I npact,

PP 100 100 190y bet8ed'td Brodhi@!cBBbilAs SPdiffertniu. 8

5

40 d ass fiber

Table 18

Composition ] 2 3 4 5 6 7
HIPS 100 100 88 100 88 - -
PS - - - - - 100 100
Polyamide 6 8 - - - - 8 .
ABS - 40 35 40 35 - 40
Glass fiber 20 26 26 20 26 20 26
Elastomer - - 17 - - - -
Wollastonite - - - 10 - - -
Pigment - - - - 17 - -
'Carbon black 2 3 3 3 3 2 3
(EC 600)

Property

Flexural 4560 5281 3900 4300 5200 5830 5820
Modulus, MPa '

Izod Impact, 46 44 35 27 43 52 50
notched, ¥m

Surface 10° 10 10¢ 10° 10¢ 10° 10
Resistivity,

ohm/sq.

30

100 100
20 26 26 20

nﬁbﬁpﬁﬂha
ral 4560 5281

46 44 35 27 43 52 50
physicel; properties; of Gemppsitignnlls . 30

edmipothids! AWiRFeih Nthe! S&bfd AR&Roplastiton

fibers/CB corrpounds cont al ni ng

ifferent fibers jaee used. Auypwisakle pigneat3 4 5




G ass fiber 20 20 20 20 20 Carbon black 1.7 1.7 1.7 1.7 1.7 %Blowing .
agent 00.5 0.751 1.5 Property Surface Resistance, 107-1 O101:103 106- 10,
W 10, 106-10, ohmb5 It will be appreciated by persons skg#W{]he_ art
that the pr!"w-'hventlon is not limted to what has be larly

shown and described herei nabove. Rather, the scope of the 1 o present
invention i s def Tatle 18@9%‘95 thecregistancaof mont limiting evamples Q@M&%

PCT/ 1 1r 00/ OQRLRy ﬁfﬁlpm 93%5&1 sition
conprising: ‘a rrat rix corrprl sing substanti a Q&QB ?lPétﬁ]gt glrﬁormpl astic
conponent selected from 5 polybutylene ter epht hal at e, pol ycarbonate and
pol ycarbonate acrylonitrile butadien styrene; a second thernoplastic
conponent having a hi gher poI arl ty tﬁ.éhletlﬁat of said first thernoplastic
conponent, E‘ilﬁ fmOT0 GOTTPOIeNT  encapsur ati g a plugality Olg TTD§r S
formng a 0 a

car bon conyjd®ent prefer enti 40 y attrbﬁ?t ed tol@al d sé@@md con¥8nen§ so as to
nmake sai d rlglymhide 60 €l gctrigal |y congductive gretworkgwithin gaid fatrix. 2.
A conposi tijon accordingfto ¢claiml wherein sal d second conponent §s a

pol yam de. {ORssfiber o composi 2Pon accof¥ing t 0?1 ai m 12%her ei n&ai dffi bers
are sel ect dacafvonbd ass{fi bers, carbpen fibensg and arpanic fibers} 4. A
conposi ti or5;\§f;ord| t p cl ad m 3 vvheggl n the gani c,.fibers Ege p®l yam de

fibers. 20 RYP&ATLi 1i on According’to cl a? 3 wherein sai osi tion
conpri ses |lePépetgnan 55 '
Surface Resistance, |  10%10° 10°-10° 10-10°  10%10° - 10%10°
ohm
5

It will be appreciated by persons skilled in the art that the present invention is not limited
to what has been particularly shown and described hereinabove. Rather, the scope of the
10  present invention is defined only by the claims that follow:
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parts per hundred glass fibers.. 6. A conposition according to claiml.
wher ei n. sai d carbon conponent is carbon black. 25 7. A conposition
according to claim6 conprising |ess than 10 parts per hu on

bl ack. 8. AWQMMSIS cal |y conductive composition conpri si %‘i&"m’?i X
conprising substantially a first thernoplastic conponent; 30 a second

t her nopl asti ¢ conponent having a hi gh€LAIMSarity than that of said first

t her nopl asti c conmponent, said second conponent encapsulating a plurality of
fibers 32 wo oaassis PCTARAO 00075 formng a network of encapsul at ed
fibers within saidéedidally sindeaivelcanpsition conifpisiagnt being acrylonitrile

but adi ene styrene and .a carbon c onent preferentially attracted to said
second conponent g@%{gxmp%ﬂ@%aﬁgf\kﬁ?@%o F%’Etc_f’g‘l?%‘}ef’&/ _ LfE’t“Pve\-'_
networ k Wit hi n Saishtyl@e! tréphtilale, pdlyeaBaHat! dnll Golyesrbotiaté dteyléririle Hutidfnether ei n
said first thernoplastic conponent is a polyolefin conpound. 10. A }
conposition acc®y®®ig to claim9 wherein said polyolefmis selected from™

the o group consiSkidad Qm% ﬁm ’ IQ’FH*’IE{W&" : 1. A
conposition accor di ng to ¢ |mgw erg?tﬁ&glgf?a ers ar %@géf%%. 12.
A conposition athemxaplastc canpoherit,nsaitllsevdndr@mponeat ehcepsuisting & iphmalitpapfibges | ess
than 55 1is paris per hundr | a fdbers..13.. A ¢cQ sition according to
cl ai m 8 wher ei n}%ﬂ-ggggsﬁwﬂ“ﬁgﬁ%gﬂﬁﬁd%ﬁ‘ﬂ%‘}ﬂ%ﬁ‘&%’g%@t es filler. 20 14. A
conposi t i@n accor @i daghohofiporeiit praferdneiliyi sttrichd t6isaidesecond componivat 86 af itd | er .

15. A conposition accordi to clajm 14 wherein the mneral filler is
sel ected from tﬁékﬁﬁ*ddl?ﬂv"ggﬂ‘s‘??% %W?%Fé‘l’%i“?‘g‘,ns?‘al‘@%d n ca.

2. A composition according to claim 1 wherein said second component is a polyamide.

15 3. A composition according to claim 1 wherein said fibers are selected from glass fibers,
carbon fibers and organic fibers.

4. A composition according to claim 3 wherein the organic fibers are polyamide fibers.

20 5. A composition according to claim 3 wherein said composition comprises less than 55
parts per hundred glass fibers..

6. A composition according to claim 1 wherein said carbon component is carbon black .

25 7. A composition according to claim 6 comprising less than 10 parts per hundred carbon
black. | |
8. An electrically conductive composition comprising:
a matrix comprising substantially a first thermoplastic component;
30 a second thermoplastic component having a higher polarity than that of said first
thermoplastic component, said second component encapsulating a plurality of fibers



25 16. A conposition acco Lm 8 wherein said carbon conponent is
carbon black. 17. A conposition according to claim 16 conprising |less than
10 parts per hundred carbon black 30 18. An electrically Hsbdﬁtive
conposi ti on™eAN¥ISi ng: a matrix conprising substantiall y"%'Q s

t her nopl asti c conponent; 33 WO 00146815 PCr/1L00100075 a second

t her nopl asti c ¢oriibsg e nétwbk \of egcapsubatghBberspeithin idid/ miatvixy sidh second conspoderdti r st

t her mopl asti ¢ ¢omponent,, ..sai d.second cqnmponent .encapsulating filler
fornming a net m%@m&%‘?ﬁm‘f?’ﬁer particles within said matrix; and
a carbon conponery cdbd @npohdndipteferaitiallpfitradted © saiti sboiCcuntponeii3oeNd SO as

to 5 nmake said network an electrically conductive network within said
matrix. 19. A &wkpsad petwerk ap eleracaly conductive patwark Witk saidmatdx.q fj r st

t her nopl gstic conponent is a polyolefin conpound with or without an added
el astomer conponent. r 0 20. A conposition according to_claim19 wherein
sai d pol yol &f i A compesitiancicentding toralainec8 wharein said Erst thermaplpstis complopent é3/| ene and
pol yet hyl ene. 21 [{ion according to claim 18 wherein said first
conponent is p8f’9’8@§}'f&we°%§¢&' hi gh i npact polystyrene. 15 22. A conposition
according to claim 18 wherein said second conponent is polyan de or

acrylonitril. e butadi epne styrene. 23. onpos.i,tion accordin 0 claim 18
wherein t hel® RI opogitiop ?ﬁ%’g}“ﬁlmf?’?@eqﬁ‘."ﬁﬂgg sﬁ‘ﬂ.w&(’@ﬁﬂﬁ ﬁ‘%‘n&g cd¥ding to
cl ai m 23)gnher eigroupleensistingéfabolybtleh€indibighSnpREpdgtidnem t he group conprising

wol | astonite, talc and mca. 25. A conposition according to claim 18
wherei n said carbon conponent is carbon black. 25

11. A composition according to claim 8 wherein said fibers are glass fibers.

12. A composition according to claim 11 wherein said composition comprises less than 55

15 parts per hundred glass fibers.

13. A composition according to claim 8 wherein the second component further
encapsulates filler. ' '

20 14. A composition according to claim 13 wherein the filler is a mineral filler.

15. A composition according to claim 14 wherein the mineral filler is selected from the
group consisting of wollastonite, talc and mica.

25 16. A composition according to claim 8 wherein said carbon component is carbon black.

17. A composition according to claim 16 comprising less than 10 parts per hundred
carbon black.

30 18. An electrically conductive composition comprising:
a matrix comprising substantially a first thermoplastic component;

3
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26. A conposition accordi nmmgonpri sing less than 10 parts per
hundred . carbon bl ack. 27. An electrically conductive conposition

conpri sing: _30 trix conprising substantially a first togridoRb@sti c
conponent ; M t her mopl asti c conponent having a higher polarity than:
that of sai d first 34 WO 00/16815 PCT/1140/00075 thernoplastic conponent,
sai d second conpmmndmmcmm Vmﬁugbﬂ‘lwmmgﬂ#@rmdr@sla

Component  pr of SAHpRER? SRBARLE calg” Bein obbdhedC oSafBldint BRF ToSfaOT o

sai d networ k amessosgdfienapsulajed didlecpatticies evithit saidrzatrik dadn said matrix. 5 28. A
conposi tion accordi to cIa|m2 ein sajd fi.rst thernoplastic
conponent is a p’o% M’Eﬁmﬁ?e‘t\ﬁ ﬁ%ﬁtse‘ﬁ’ﬂdafaﬁﬁ%cgtl Wstolfer -
conponents. 29. Mermlmﬂﬁmu&@eﬁéﬁbm%xM&hﬁxsald pol yol efin
is selected fromthe 10 group consisting of polypropyl ene and

pol yet hyl ene. 30. A conposition according to claim27 wherein said secohd

conponent i f& aARBMmycsHdASccordide toélﬁﬁﬁ@%ékin%d%&%%ﬁla&d& cBnpdrheié aWher ei n
sai d carbon conponent is carbon black. 15 . A conposition according to

claim 31 corrprmglynlgﬁn@yg:omdamﬂm“p&w@npédedanuwmmmsn black | 35

10 20. A composition according to claim 19 wherein said polyolefin is selected from the
group consisting of polypropylene and polyethylene.

21. A composition according to claim 18 wherein said first component is polystyrene or
high impact polystyrene.
15 '
22. A composition according to claim 18 wherein said second component is polyamide or
acrylonitrile butadiene styrene.

23. A composition according to claim 18 wherein the filler is a mineral filler.
20
24. A composition according to claim 23 wherein the mineral filler is selected from the
group comprising wollastonite, talc and mica.

25. A composition according to claim 18 wherein said carbon component is carbon black.

26. A composition according to claim 25 comprising less than 10 parts per hundred
carbon black. '

27. An electrically conductive composition comprising:

S

30 a matrix comprising substantially a first thennoplasltic component; .
a second thermoplastic component having a higher polarity than that of said first
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thermoplastic component, said second component encapsulating a plurality of organic
fibers forming a network of encapsulated organic fibers within said matrix; and

a carbon component preferentially attracted to said second component so as to
make said network an electrically conductive network within said matrix.

28. A composition according to claim 27 wherein said first thermoplastic component is a
polyolefin compound with or without an added elastomer component.

29. A composition according to claim 28 wherein said polyolefin is selected from the
group consisting of polypropylene and polyethylene.

30. A composition according to claim 27 wherein said second component is a polyamide.
31. A composition according to claim 27 wherein said carbon component is carbon black.

32. A composition according to claim 31 comprising less than 10 parts per hundred
carbon black.

35



